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G-2 Tracker Electronics Proposal

(Conceptual design for cost estimate)

E. Hazen
Boston University
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Key Tracker Electronics Requirements

● Collect straw charge with suitable front-end
● Good match to tube capacitance for efficient charge collection, 

appropriate preamp peaking time, timing discriminator
● Surplus ASDQs from CDF are a good candidate

● Measure leading edge time on ~ 2k straws to ~1ns
● FPGA TDC is a good candidate (as described by J.Wu et al)

● Readout within 11ns between spills
● Data volume ~ 10k Bytes/fill for one traceback station

● Provide HV
● Fit within gas manifold; minimize power
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Tracker 3D Model
(not correct in all details...)
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Chamber End Detail

Input
Gas Manifold

ASDQ chips

TDC chip(s)

Board-to-board
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No electrical connection
at this end.

HV and readout connection
at this end.

1
.3

"

12 mm



2012-11-14 E. Hazen - Tracker Electronics 5

Tracker Electronics Overview

One MicroTCA Crate
per tracker station (short cables) -or-
one crate per two stations (longer cables)

5 AMC modules
control/readout
10 chambers

Clock input
to AMC13

GbE to DAQ
Each chamber
has two sets
of front-end
electronics
(top/bottom)

Optional 2nd set of modules
for 2nd traceback station
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ASDQ
8 ch

TDC
16 or 32
channels

FPGA

Clock

Timing/control

Strobe

Data

TDC

TDC

LVDS
Fanout

Clock

Timing/control

TDC Readout
Serial data
daisy-chain
or direct from
each TDC

Power In
+/-3V
+3.3V
+1.2V

Cabling through
gas tubing

(4) pairs 100 ohm

(4) pairs power at V(load)
     (no regulators)

     Power ~ 5W max
     per chamber

On-Chamber Electronics OverviewHV

Current-limit
resistors

Blocking 
capacitors
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g-2 uTCA Tracker Crate
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(4 per module)
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CH
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Gigabit Ethernet
(switched to all Modules)

AM
C1

3
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Clock & Controls
(fiber?) DAQ optical fibers

(perhaps not needed)

3

12 AMC Slots
for readout modules

Commercial MCH
  Management
  Ethernet

AMC13
  Clocks
  Fast controls
  DAQ

Designed at BU
for CMS

uTCA chosen because it is also
used for calo readout...
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Tracker Readout AMC Module
Custom design but relatively simple

FPGA

Clock
Fanout

Power

Tracker Links
  - clock
  - control
  - data
  - power

Clock/data are
electrically isolated

Power outputs are
current-limited
and individually
switched

MicroTCA
Clock

Fast Controls
(start-of-spill)

Serial Data
to AMC13

(5 Gb/s)

Individual current-limited
voltage regulators for each
tracker link
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AMC Module Front Panel

Four inputs

Each provides
power/readout
for 1/2 of a tracker
chamber

5 Modules needed
for 1 tracker station

Total of 10 modules

~120 mm
connector
space 149 mm

PCB dim
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Spartan 6

Kintex 7

GTXGTXSFP+

GTXGTXSFP+

GTX

SFP+
GTX

GTXGTX

GTXGTX

GTXGTX

SFP
CDS

512 Mbyte 
DDR3

GTP

GTP

SPI Flash

IO

TTC in
TTS out

DAQ
10 Gb/s

Spare
10 G b/s

MMC
uC

IPMI

GbE

JTAG

LEDs

MCH1

Front
Panel
via T3

Fabric A
12 ports
 Gb/s
(10 Gb possible)

Fabric B
80 Mb/s (TTC)

May upgrade to
~ 320 Mb/s

CLK
F/O

40.xx CLK
To AMCs

AMC13 Module – Rev 2  (Early 2013)

DAQ
10 Gb/s

IO

IO

1600MT/s (6.4 GB/s)

(4x GPIO)
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Summary / Plans

● Await input from GARFIELD simulation to fill in 
requirements

● Meanwhile, flesh out conceptual design and 
make a cost structure

● Work with Sten (front-ends) and Wu (TDC)
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Reserve Slides
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AMC13 Backplane Links - g-2

AMC Modules

TTC
Receiver

DAQ MGT

L1A

BC0 etc

LHC clock

CLK

Data
16

Buffer 
Status

Framing

BU provided firmware

MGT

5 Gb/s
8b/10b
Fabric A

12 point-to-point
links

AMC13 

IO IO

80 Mb/s
TTC Protocol
Fabric B

Proposed modification for G-2
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AMC13  Rev 1 Hardware

Virtex-6 LX130T FPGA
  DAQ Functions, buffering
  6Gb links to backplane, SFP

(4) SFP+ Sites
  1 for TTC (160Mb)
  3 for DAQ/etc 6.2Gb

Spartan 6 FPGA
  Fabric B TTC distribution
  Firmware management
  interface to MMC  

Atmel AVR-32 uC
  MMC Functions 

Tongue 1 PCB

Tongue 2 PCB

Tongue 3 PCB
  (optional, for initial programming)

JTAG Headers
  MMC programming
  FPGA programming

Micro USB
  MMC serial console
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Virtex 6

-->  Kintex-7

SFP

ADN2814
Clock/data
Recovery

IC

T1 U2

SY89832
Fanout

T1 U3

Recovered
Clock
160MHz

Spartan 6
LX130T

Recovered Data
80 Mb/s

SY89872
Divide by

2/4
40MHz

Div
Reset

160MHz x 4
SY89832
Fanout

T2 U23

DS91M125
1:4

Fanout 40MHz
Clock
To uTCA
backplane

80Mb/sec
TTC data
To uTCA
Backplane
(Fabric B)

1300nm receiver
(ATM type)
Compatible with
TTC fiber data MGT CLK

MGT CLK

IO_L9

IO_L10

GCLK

Tongue 1 Tongue 2
LVDS

LVDS

M-LVDS

AMC13 Clocks

Clock path operates at 40.xxx MHz in LHC applications

However, it could in principle work at any frequency from
10 MHz to several hundred MHz (with modified firmware)
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